Increased water demand attributed to population expansion and reduced freshwater availability caused by saltwater intrusion and drought, may lead to water shortages. These may be addressed is an essential component of integrated water management and broader adoption of recycled water will increase water conservation in water-stressed coastal communities by allocating the recycled water for purposes that once used potable freshwater.
INTRODUCTION
Freshwater scarcity has incentivized mitigation measures that restrict water use, generating novel ideas and innovative technologies to improve water management. One innovation to increase public water supplies is expansion of water reuse, which may assist in water mitigation strategies, specifically Use of recycled water products can reduce demand on current freshwater supply and increase conservation of freshwater as storage (e.g. groundwater recharge) (Toor & Rainey ) . In the United States, recycled water is not typically used for drinking water supply. Instead, products may include water for irrigation (e.g. agriculture, parks, school, golf courses, etc.), industrial reuse, groundwater recharge, and as effluent discharge returned to streams.
Globally, at least 60 countries reuse wastewater as recycled water. China, Mexico, and the USA have the highest annual total volume (Angelakis & Gikas ) . US recycled water production in 2006 was led by Florida (663 mgd), followed by California (580 mgd), Texas (31.4 mgd), Virginia (11.2 mgd), Arizona (8.2 mgd), Colorado (5.2 mgd), Nevada (2.6 mgd), and Idaho (0.7 mgd) (Bryck et al. ) . The present study examines the spatial pattern of recycled water use in Florida and California during 2009, the most recent year for which data were available for both states. Florida and California were selected because they are the top US ranked producers of recycled water, ranking first and second, respectively (FDEP ). Spatial analysis of recycled water products is not well represented in the literature. In Los Angeles, California, spatial modeling was used to optimize distribution of recycled water for groundwater recharge (Bradshaw & Luthy ) . The only known spatial analytical study of recycled water is an econometric analysis of Florida's water reuse capacity from 1996 to 2012 (Kuwayama & Kamen ) . In this study, water quality and scarcity were investigated at the county level. While water supply was found to be a driving factor for Florida's dedication to recycled water production, so too was water quality. Specifically, the authors noted that water quality in impaired streams may be improved by the addition of treated recycled water (due to dilution), especially during times of reduced precipitation. The authors also noted that regions with a large urban population have increased industrial activity with a corresponding increase in industrial recycled water production. Kuwayama & Kamen () recommended that an evaluation of recycled water production be completed at the facility level for further insight. The present research study fills this gap, by outlining a methodology to model the spatial pattern of recycled water production at the facility level to find gaps in distribution and identify potential areas for expansion of recycled water production as a way to increase public water supply. A case study of Kernel density estimation (KDE) was used to identify hotspots of water reuse. The Quartic Kernel was selected because its shape gradually reduces the influence of nearby points and it stops at the defined radius limit rather than extending to infinity, therefore, the area is limited around the point of incidence (Levine ). KDE was performed on flow and flow normalized by population served using 15 points per cluster. KDE is representative of the regional system in that every facility is accounted for in the model and production volume (flow) is used as an intensity variable to weight each facility, so that those with higher flows would contribute more to the KDE surface. All data were analyzed with CrimeStat IV (Levine ). The most common product associated with recycled water was public access area irrigation with a total distribution of 381.38 mgd (56% of the state total). Nearly 41% (154.56 mgd) of recycled irrigation water was supplied by POTWs to the South Florida WMD (Figure 4(a) ). Groundwater recharge was the next largest recycled water product Each district produced recycled water for every category of product. The Suwannee River WMD was the lowest-producing district overall with a total production of 9.39 mgd (1.4% of the state total) and the lowest mean production at 0.34 mgd (per POTW), but was not significantly different from the other WMDs ( Figure 5 ). ANOVA results indicated significant differences in recycled water production between WMDs overall and Tukey post-hoc tests further indicated significant differences (p < 0.05) between recycled water Hot spots for flow (mgd) were located around major cities in Florida (Figure 6(a) ). Dark areas have the greatest production, whereas light areas have lower production.
RESULTS

Of 548 POTWs in
Normalization was performed to remove the effect of population size. When flow data were normalized by population served, high per capita production was identified in Suwannee and Los Angeles had larger facilities on average, with a mix of very large and very small facilities. Comparison with production in Florida (Table 1) reveals that California has fewer facilities than Florida, but its facilities tend to be larger.
The most common discharge method associated with recycled water was agricultural irrigation with a total distribution of 218.33 mgd (37% of the state total). Nearly 62% (136.07 mgd) of recycled agriculture irrigation water was supplied by POTWs to the Central Valley RWB (Figure 8(a) ).
Landscape irrigation was the next largest recycled water product in the state, with a total of 100.86 mgd (17% of the state total). Nearly 28% (29.05 mgd) of landscape irrigation water reuse was distributed by POTWs to users in the San Diego RWB (Figure 8 Angeles RWB at 12.91 mgd (46%) (Figure 8(g) ). Moreover, recycled water used for recreational impoundment totaled 23.07 mgd (4% of the state total), with the largest portion distributed by POTWs to users in the Los Angeles RWB at 17.79 mgd (77%) (Figure 8(h) ). Also, recycled water used for geothermal energy production totaled 13.34 mgd (2% of the state total), with the largest portion distributed by
POTWs to users in the North Coast RWB 11.31 mgd (85%) (Figure 8(i) ). Similarly, recycled water used for other purposes totaled 10.84 mgd (2% of the state total), with the largest portion distributed by POTWs to users in the San Diego RWB at 4.07 mgd (38%) (Figure 8(j) ). Last, at the state level, commercial use totaled 5.70 mgd (1% of the state total), with the largest portion distributed by POTWs to users in the Los Angeles RWB at 4.07 mgd (83%) (Figure 8(k) ).
While each district produces recycled water for each category of discharge method, Lahontan was the lowestproducing district overall with a total production of 11.07 mgd (1.9% of the state total) (Figure 9 ). ANOVA Wasteful water practices continue to be prohibited (California Executive Order B40-13), and recycled water production capacity should continue to be developed as a way to promote resiliency to the effects of climate change and increase stability in freshwater supplies.
Comparison of recycled water use in California and
Florida reveals differences in products and production facili- These numbers indicate a growing acceptance of recycled water use, at least among uses that do not involve direct consumption.
One limitation of this study was lack of access to recycled water data more current than 2009 for California.
Once more recent recycled water data for California are released, we recommend reanalysis of California's recycled water production, with a view to assessing increases and 
